Objectives: To evaluate the quality of the adaptation procedures as well as the clinimetric testing of the shoulder disability questionnaires available in Portuguese that has occurred for each adaptation. Methods: Systematic literature searches on MEDLINE, EMBASE, CINAHL, SCIELO and LILACS were performed to identify relevant studies. Data on the quality of the cross-cultural adaptation procedures and clinimetric testing were extracted. All studies were evaluated according to the current guidelines for cross-cultural adaptation and measurement properties. Results: Seven different questionnaires adapted into Brazilian-Portuguese (DASH, WORC, SPADI, PSS, ASORS, ASES and UCLA) were indentified from eleven studies. Most of the studies performed the cross-cultural adaptation procedures following the recommendations from the guidelines. From a total of seven instruments, two were not tested for any measurement property (PSS and ASES) and two questionnaires (DASH and WORC) were evaluated for almost all of properties. None of the questionnaires were fully tested for their measurement properties. Conclusions: Although most of the shoulder disability questionnaires have been properly adapted into Brazilian-Portuguese, some of them were either inadequately tested or not tested at all. It is recommended that only tested instruments can be used in clinical practice, as well as in research.
Introduction
Shoulder pain is considered the third most common musculoskeletal condition. The prevalence of shoulder disorders ranges from 7 to 36% in the general population 1, 2 . Shoulder joint dysfunctions are often observed in workers and athletes who are exposed to repetitive movements and excessive strain, but some studies also report a high prevalence of this problem in elderly and sedentary people [2] [3] [4] . Assessment methods for musculoskeletal injuries have been modified in recent years 5 . Instead of a purely physical examination, including tests of muscular strength, joint mobility and imaging exams, self-report questionnaires or scales were incorporated 6, 7 . Questionnaires are widely used to collect information related to important clinical outcomes, such as pain intensity, quality of life, satisfaction with treatment and disability 1, 8, 9 . In addition to the use of questionnaires in clinical practice, they are also widely used in research 10, 11 . There are several instruments for assessing patients with shoulder dysfunctions and detecting changes in their clinical condition over time, but most of them were developed in English 9, 12 . In order to be used in Brazil, they must be translated, cross-culturally adapted and tested for their measurement properties such as the internal consistency, reproducibility, validity and responsiveness [13] [14] [15] . The translation and cross-cultural adaptation process is necessary to verify the equivalence with the original version and to resolve cultural, linguistic and health perception differences between different countries and cultures 15 . Even if an instrument's measurement properties have already been tested in its original version, it is necessary to retest them after translation, since cultural differences may affect the results. Testing is also necessary to determine if the adapted questionnaire retains the measurement properties of the original version 14 . Guidelines for evaluating the appropriateness translation and crosscultural adaptation 13 and clinimetric testing [13] [14] [15] have been developed in order to help researchers to conduct optimal studies on these topics.
Some questionnaires specifically designed to assess shoulder dysfunctions have already been translated and cross-culturally adapted into Portuguese and have had some of their measurement properties tested; however, a synthesis of the information contained in these questionnaires is still not available in the literature. Therefore the objectives of this study were to describe and to assess the translation and to cross-cultural adaptation procedures of these instruments and to describe and to assess the measurement properties tested in each of the studies.
Methods

Study selection
In order to identify the instruments available in Portuguese for assessing shoulder pain and disability, systematic searches were performed in five electronic databases (MED-LINE through OVID, EMBASE, CINAHL through EBSCO, SCI-ELO and LILACS 
Inclusion criteria
Only instruments developed for the assessment of shoulder joint dysfunctions that had been translated and/or crossculturally adapted into Portuguese were included in the study, regardless of whether they were combined with the assessment of other upper limb joints. Self-report instruments and evaluator-dependent instruments using only objective measurements, such as strength or range of motion, were also included in this review. Only full-text papers were included; theses/dissertations, abstracts from conferences and books were excluded from this systematic review.
Data extraction and assessment of methodological quality of eligible studies
Data regarding the translation and cross-cultural adaptation were extracted in order to assess the design of these procedures. We also extracted data relating to the measurement properties of each study, including the sample size, reproducibility (reliability and agreement), responsiveness (and time interval between measures), internal consistency and construct validity (raw data can be requested from the corresponding author via email).
Subsequently, the translation and cross-cultural adaptation methods of each study were classified according to the Guidelines for the Process of Cross-cultural Adaptation of Selfreport Measures 13 . The translation and adaptation process includes a initial translation, a synthesis of translations, back-translation, reviews by an Expert Committee and the pre-test version of the instrument. The quality of each step was classified as either positive (+) when the procedure was performed in accordance with the quality criteria, doubtful (?) when the description of method was unclear, negative (-) when the procedure was performed correctly but with an insufficient quantity of translators and/or back-translators or, finally, zero (0) when there was not enough information to evaluate each step ( Table 1) .
The measurement properties were classified according to the Quality Criteria for Measurement Properties of Health Status Questionnaires 14 and the evaluation was restricted only to those items relevant to the instruments evaluated. Other original items of the Quality Criteria such as content (or face) validity and interpretability are relevant for the development of the original questionnaire. Similarly, the item criterion validity should be considered only when there a gold standard available for comparison, which is not the case for shoulder assessment instruments, so these three items were not included in our review.
The items assessed in this review were construct validity, internal consistency, reproducibility (agreement and reliability), responsiveness and ceiling and floor effects. Similarly to the cross-cultural adaptation criteria, the quality of each of the measurement properties was also classified as positive (+) when the procedures for each stage were performed in accordance with the criteria, doubtful (?) when the methods or the design of the study were unclear, negative (-) when the data for each clinimetric property included greater or smaller values than those defined by the criteria in spite of appropriate approach or methods, or zero (0) when there was no information to qualify each measurement property ( Table 2) . Data extraction and the assessments were carried out by one rater and then checked by an independent reviewer, who reviewed all data. There was no disagreements between the rater and the independent reviewer who met and discussed the data.
Results
A total of 876 studies were retrieved from the searches but only 11 were considered eligible for data analysis ( Figure 1 ). From these, seven different instruments that had been translated and cross-culturally adapted into Portuguese were identified: DASH (Disabilities of the Arm, Shoulder and Hand) 16 , SPADI (Shoulder Pain and Disability Index) 17 , WORC (Western Ontario Rotator Cuff Index) 18 , ASES (American Shoulder and Elbow Surgeons Questionnaire) 19 , PSS (Penn Shoulder Score) 20 , ASORS (Athletic Shoulder Outcome Rating Scale) 20 and Modified-UCLA (Modified-University of California at Los Angeles Shoulder Rating Scale) 21 . Of the seven instruments translated and cross-culturally adapted into Portuguese, five had been tested for at least one measurement property: (DASH 16, 22 Table 1 . Guidelines for the process of cross-cultural adaptation of self-report measures 13 (adapted from Costa et al. 31 ).
+=positive rating; -=negative rating; 0=no information available; ?=unclear.
Property Definition Quality Criteria Internal consistency
Internal consistency is a measure of the homogeneity of a (sub) scale. It indicates the extent to which items in a (sub)scale are intercorrelated, thus measuring the same construct. Factor analysis should be applied to determine the dimensionality of the item-this is, to determine whether or not they formed only one overall dimension or more than one.
+ Factor analyses performed on adequate sample size (7 The number of respondents who achieved the lowest or highest possible score + ≤15% of the respondents achieved the highest or lowest possible scores; ? Doubtful design or method OR sample size <50 OR methodological flaws; ->15% of the respondents achieved the highest or lowest possible scores, despite adequate design and methods; 0 No information found on interpretation. +=positive rating; ?=doubtful design or method; -=negative rating; 0=no information available. Doubtful design or method=lacking of a clear description of the design or methods of the study, sample smaller than 50 subjects, or any important methodological weakness in the design or execution of the study. MIC=minimal important changes; SDC=smallest detectable change; LOA=limits of agreement; ICC=interclass correlation coefficient; SD=standard deviation. 31 ).
ASORS 25 and Modified-UCLA 24 ). Finally, the PSS 20 and the ASES 19 had not been tested for any measurement property. Table 3 presents the ratings of the translations and crosscultural adaptations according to the Guidelines for the Process of Cross-cultural Adaptation of Self-report Measures 13 . For the seven instruments found in the 11 included studies, the steps regarding translation, synthesis, analysis by a committee of experts and the pre-tests had all been correctly performed. The back-translation step had not been adequately performed for the WORC and ASORS as it was performed by a single translator instead of two or more independent translators as recommended by the guidelines. Table 4 presents the ratings of all evaluated measurement properties according to the Quality Criteria for Measurement Properties of Health Status Questionnaires 14 . Reliability was the most frequently tested measurement property, included in four of the five studies that tested measurement properties. These four studies performed the test appropriately and obtained Intraclass Correlation Coefficient (ICC) estimates ≥0.70 16, 17, 23, 25 . On the other hand, agreement was tested only for the WORC in a study that also tested its reliability, and it presented appropriate estimates 23 . Internal consistency was tested for DASH 26 , SPADI 17 and WORC 23 ; the first two presented acceptable levels (Cronbach's alpha ranging between 0.70 and 0.95), but the WORC's design was questionable, since the internal consistency was tested by intra-and interrater reliability rather than the criteria suggested by the guidelines 14 . Factorial analysis was performed only for the DASH. Construct validity was not properly tested in any of the instruments found in this review (DASH 16, 22 , WORC 23, 24 and ASORS 25 ) due to the fact that the hypothesis regarding the correlations of the instruments/ scales had not been formulated a priori. Responsiveness was tested in one study that involved DASH, WORC and UCLA 24 , but it could not be considered appropriate due to a small sample size (i.e. lower than 50 participants). Ceiling and floor effects were not tested in any of the instruments identified in our systematic review. Almost all of the measurement properties were tested for the DASH and WORC; only ceiling and floor effects were not tested for the WORC [22] [23] [24] , whereas both ceiling and floor effects and agreement were not tested for the DASH 20, 23, 24, 26 . Two measurement properties were tested for both SPADI and ASORS: reliability and internal consistency were tested properly for SPADI, and reliability was tested adequately in ASORS 17 , but construct validity was inadequately conducted 25 . Only responsiveness was evaluated for UCLA, but it was rated as doubtful 24 .
Discussion
The objectives of this study were to describe and assess the translation and cross-cultural adaptation procedures of these instruments and to describe and assess the measurement properties tested in each of the studies. Seven different instruments (from 11 studies) were retrieved and. at least one measurement property was tested in five of them. The translation and adaptation processes were assessed in accordance with the Guidelines for the Process of Cross-cultural Adaptation of Self-report Measures 13 ; the measurement properties were assessed according to the Quality Criteria for Measurement Properties of Health Status Questionnaires 14 . The guidelines for cross-cultural adaptations 13 was followed for DASH 16 , SPADI 17 , UCLA 21 , PSS 20 and ASES 19 with all steps having been adequately performed. The specific protocol for linguistic equivalence suggested by the authors of the original WORC 18 was followed, according to the criteria of the MAPI Research Institute 27 and therefore back-translation was performed by a single translator. The authors of the Portuguese WORC study reported that the guidelines proposed by Guillemim, Bombardier and Beaton 28 and Beaton et al. 13 involved difficult processes and due to the population tested, the complexity of following each of the steps, the long duration to perform all steps and high costs they followed a synthesized protocol, pointing out that all versions of WORC under development in other languages followed the same procedures. The guidelines proposed by Guillemin, Bombardier and Beaton 28 were followed for the ASORS 25 , but the guideline-recommended back-translation step was not fully performed because only one translator was involved. All other steps were carried out adequately in both questionnaires.
None of the questionnaires have tested all measurement properties. In fact, no measurement properties were evaluated in two of the seven instruments (PSS and ASES). Testing was conducted for virtually all measurement properties for the WORC and DASH, however these tests did not always occurred in accordance with the guidelines.
Reliability was the most frequently tested property. The tests were applied correctly in all studies 16, 17, 23, 25 , including adequate sample size and adequate measurement intervals 14 , however none of the studies mentioned which type of ICC had been used while testing reliability. Only the studies that tested the reliability of SPADI 17 and ASORS 25 described their 95% . Agreement is an important measurement property and reflects the degree to which repeated measures applied to stable patients provide similar answers 14 . Unfortunately our review identified only one study 23 that tested agreement. Agreement is more easily interpreted clinically than reliability due to the fact that it is expressed on the instrument's units of measurement. Reliability, on the other hand, presents its indexes (ICC or Kappa) expressed on a scale ranging from 0 to 1, which, in many cases, require a more difficult interpretation. In order to fully test reproducibility it would be ideal to test both the reliability (relative error of measurement) and the agreement (absolute error of the measure), unfortunately most studies tested reliability only.
Construct validity was tested in three studies (DASH 16, 22 , WORC 23 and ASORS
25
). All of them used Pearson Correlation tests, which involve correlating a questionnaire with other similar instruments. However, hypotheses must be formulated a priori and they must specify both the magnitude and direction of the expected correlation 14 . Such formulated hypotheses were found in none of the included studies that tested construct validity 16, 22, 23, 25 . A specific a priori hypothesis is necessary because it would be easier to develop an alternative explanation for low correlations than admit that the questionnaire's levels of construct validity is compromised 14 .
Internal consistency was tested for DASH 26 , WORC 23 and SPADI 17 . Only the study that assessed the internal consistency of DASH 26 used Cronbach's alpha in combination with factorial analysis, identifying three different factors. This analysis is important because such a procedure can identify how many factors are present in a questionnaire and if there is more than one factor Cronbach's alpha should be calculated for each factor separately 14 . The studies that evaluated WORC 23 and SPADI 17 used Cronbach's alpha but not factorial analysis.
Responsiveness was evaluated only in one study that tested DASH, WORC and UCLA 24 measurement properties. This study used an appropriate between-measure interval (i.e. three months) but recruited a small sample size (30 patients). Responsiveness represents the ability of a questionnaire to detect clinical changes over time and can be measured by internal (measured by effect sizes) or external responsiveness (measured by correlation tests and/or the construction of receiver operator characteristics curves) 30 . No study in this systematic review fully tested responsiveness. Moreover, no study tested ceiling and floor effects and, consequently, it is not known whether the evaluated instruments would fail to detect patient improvement or deterioration 14, 30 . Other systematic reviews of measurement instruments confirm our findings that there is a clear need to complete the evaluation of the instrument's measurement properties so that the best choice of questionnaire for specific situations can be made 31, 32 . In a systematic review of English language shoulder disability questionnaires 9 , different methods of assessing measurement properties were found, in addition to flaws in the construct validity, internal consistency and responsiveness assessments.
In most evaluated instruments, hypotheses about the expected magnitude and direction of correlations with other instruments had not been formulated. Factorial analyses were not generally used but, even when present the dimensions that the questionnaire intended to measure were lacking in some cases. Responsiveness was frequently tested, although with an inadequate sample size (n<43) and finally most studies did not adequately describe the study methods and/or data analysis.
The same types of problems were also found in a systematic review of cross-cultural adaptations and measurement properties of the McGill Pain Questionnaire, which is an instrument for assessing the quality and intensity of pain 31 . Among the 44 different versions of the questionnaire, representing 26 different languages/cultures, it was frequently observed that the tests had been not performed or were carried out inappropriately. This is also similar with the findings of a systematic review of low back pain measurement instruments 32 , in which the majority of questionnaires evaluated the reliability and construct validity of the instruments but not the internal consistency, responsiveness or ceiling and floor effects.
It is important to note that there are other guidelines available for evaluating the translation and cross-cultural adaptation process and measurement properties of instruments. Their steps diverge from those found in the guidelines selected for this study. However, we decided to use these specific criteria due to fact that these guidelines are the most updated and widely accepted in the literature. All of the translation and adaptation studies examined in this review were conducted after publication of the Guidelines for the Process of Cross-cultural Adaptation of Self-report Measures 13 , and only one study, which tested DASH measurement properties (reliability and construct validity) 16 was developed prior to the publication of the Quality Criteria for Measurement Properties of Health Status Questionnaires 14 . We have used all efforts in our searches in order to identify and retrieve all relevant questionnaires that were adapted into Brazilian-Portuguese. Even though the most commonly used databases (including local databases, such as LILACS and SCIELO) were selected, some studies may have not been detected since some Brazilian and Portuguese journals may not be indexed in these databases. Accordingly, this could be considered a limitation for the present review.
In addition there may be original versions of dissertations and theses with unpublished data regarding measurement properties of the identified instruments. Another possible limitation of our review was that we have not used two raters to extract and classify the data regarding translation and adaptation processes and measurement properties. However, it is unlikely that there were major discrepancies in the accuracy of the information.
Based on the results from this review, we can state that the DASH 16, 22, 24, 26 and the WORC 18, [22] [23] [24] were the most appropriately developed and tested questionnaires. It should be pointed out that the DASH 16 , SPADI 17 , UCLA 21 , PSS 20 and ASES 19 are tools developed to assess any shoulder dysfunction, whereas the WORC 18 evaluates only people with rotator cuff dysfunctions and the ASORS 25 was developed for athletes. Thus, it can be said that the WORC 18 is the most appropriate instrument for evaluating patients with rotator cuff dysfunctions and the DASH 16 is the most appropriate instrument for evaluating other shoulder joint dysfunctions.
Conclusion
The relevance of this study lies in the importance of following appropriate guidelines for performing both the translation and cross-cultural adaptation of instruments and for testing their measurement properties. Without testing these properties the decision to choose the most relevant instrument for use in clinical practice and/or research becomes difficult. When measurement properties have not been properly tested, physical therapists, physicians and any other healthcare professionals should be careful when interpreting its results. Further studies are needed to fully test of the properties of these instruments.
